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1 .  Introdtictlon 

Much  attention  has  previously  been  given  to  the  need  for  aligning 
navigational  ayateiDS  in  the  horlsontal  and  the  vertloal  planes.  The  allguaent 
prdbleB  has,  in  the  main,  been  that  of  aligning  inertial  navigators  or  gyro 
platforois,  but  the  problem  also  affects  navigation  and  attack  e(iuipmBnt,  and 
projectiles. 

In  the  past  Insufficient  consideration  has  been  given  to  the  aligneent  of 
navigational  sub-systems  (including  missile  guidance  systems)  to  the  aircraft 
on  which  they  are  cairled.  The  Experimental  Navigation  Division  of  the 
Aeroplane  and  Arnaioent  Experimental  Establishment  is  investigating  current 
methods  of  aligning  equipments  to  aircraft  with  a  view  to  improving  them  and 
leooomendlng  a  future  policy  for  the  overall  alignment  of  navigation  and  wetqson 
systems,  for  service  and  civil  aircraft. 

The  aim  of  this  document  is  to  es^lain  the  need  for  alignment  to  a  eoBman 
datum,  to  discuss  the  accuracy  to  which  equipments  and  projectiles  need  aligning 
and  methods  of  achieving  this.  These  topics  are  considered  in  relation  to 
three  possible  applications:  a  land  based  military  aircraft,  a  sea  based 
militaxy  aircraft  and  a  land  based  civil  or  military  route  transport  aircraft. 

A  subsidiary  aim  is  to  esphasise  the  importance  of  deciding,  at  the  onset,  on 
an  alignment  plan  for  the  aircraft  or  weapon  system  as  a  irtiole,  rather  than 
the  current  pleoemeal  approach  whereby  each  eleaent  of  the  navigation  system 
relies  on  its  own  method  of  alignment. 

2.  The  Weed  for  Alignment  to  a  Common  Datum 

It  is  almost  axiomatic  that  navigational  equlpBBnts  on  an  airoraft  should 
all  make  their  measurements  with  respect  to  the  same  datum  direotion,  yet  this 
ba..le  principle  often  seems  to  be  forgotten. 

2.1  Alignment  of  Eouipwenta  nn  MjUtarv  Aircraft 

for  all  military  aircraft  usod  in  an  offensive  oapaoity  a  oertain 
aoouraoy  radius  from  the  target  is  reqxdred.  The  Mean  Area  of  X^ootivsness 
of  any  weipon  (conventional  or  nuclear)  to  be  esployed  will  elearly  hare  a 
direct  relationship  on  the  Circular  Error  Pr(d>able  (C.!i>.P.)  required  of  tbs 
navigation  or  attack  system.  Transpoort  aircraft  used  in  a  support  role  will 
have  similarly  ti|jit  requirements  in  order  that  supplies  and  troops  are  dropped 
within  a  hundred  feet  or  so  of  the  almlBg  point  in  a  dropping  sone.  The 
accuracy  requirements  for  airoraft  used  to  dellvexy  conventional  melons,  or 
sigiport  ground  forces  in  limited  wars,  are  just  as  strlng^pit  as  thoam  for 
strategic  bomber  airoraft.  Alignment  requirements  of  O.v  are  frequently 
requirsd  for  current  navigation  equipments. 

It  will  be  apparent  that  if  either  doppler  or  astro  is  used  to 
orutoh  an  inertial  platform,  output  data  must  be  related  to  aa  axis  oommon 
with  the  platform;  frequently  this  axis  is  the  beading  of  the  vshiole. 

Slailarly  if  position  information  concerning  the  vehicle  itself,  or  a  target, 
is  required  to  be  transferred  from  a  radar  equipment  to  a  oo^xuter  the 
scanner  and  airoraft  datum  must  be  aligned. 

The  above  argunents  will  obviously  apply  to  aiy  militacy  aircraft 
regardless  of  whether  they  are  based  on  airfields  or  airoraft  oacriers. 

2.2  Alignment  of  louiDments  <p  Civil  Airoreft 

The  navigation  aoexiraey  required  of  civil  or  military  route 
transport  airoraft  is  related  to  two  demands,  thorns  of  operating  eeono^  and 
air  traffic  control  regulations.  If  these  airoraft  are  roouirsd  to  know 
position  only  to  about  3  nautical  milss,  tbs  sUgmssnt  of  navigation 
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equipoBiits  is  less  ioportant  at  present  than  on  military  offensive  airoraft. 

As  an  exas^le  an  alignment  bias  of  on  a  doppler  (or  compass)  in  a 
Comet  4.C  would  only  incur  the  consuiqstion  of  an  extra  800  lb.  of  fuel  if  a 
terminal  error  of  44  miles  over  its  operating  range  could  be  accepted.  If 
however  an  airoraft  is  required  to  stay  within  5  nautical  miles  of  track  and 
it  is  assumed  that  position  is  fixed  once  every  half  an  hour,  then  an  alignment 
accuracy  of  between  7  and  --  would  be  necessary.  Even  this  is  a  less  stringent 
alignment  tolerance  than  that  currently  accepted  on  military  airoraft. 

3.  Determination  of  Alignment  Aeouracv  Reculred 

The  methods  currently  used  by  Experimental  Navigation  Division,  A.  A  A.E.K., 
to  determine  the  alignment  requirements  for  equipments  and/or  associated 
projsetlles  are  quite  unrevolutionary.  ':n  error  budget  is  compiled  for  the 
weapon  system  under  consideration  which  takes  account  of:- 

(a)  The  accuracy  required  from  the  overall  system. 

(b)  The  accuracy  desired  or  available  from  each  eoulpmsnt  within  the 
system. 

(c)  The  accuracy  of  transmitting  the  required  data  (l.e.  preamble  errors 
in  synchros,  gearing  etc.).  Consideration  is  also  given  to  weak  lldcs 
in  the  transmission  chain  that  could  introduce  disproportionately  large 
errors  and  which  may,  or  may  not,  be  capable  of  i^>rovenent. 

Analysis  of  the  above  factors  Indioates  the  accuracy  with  which  elements 
of  the  system  should  be  aligned  to  meet  current  and  possible  future 
requirements.  The  alignment  accuracy  to  be  specified  (in  order  that  alignment 
errors  do  not  have  a  significant  affect  \q>on  accuracy)  should  be  of  the 
angular  accuracy  required.  Tor  example  if  an  astro  tracker  or  doppler  is 
required  to  be  accurate  to  1  ®  it  should  be  aligned  f  .  This  is  based  on  the 
fact  that  the  root  sum  square  (r.s.s.)  of  1  and  '  is  close  to  1.  For  this 
method  to  be  acceptable,  however,  all  alignment  errors  must  be  random  in  nature; 
bias  errors  should  be  added  in  aritfajaetioally  rather  than  by  r.s.s.  methods. 

Illustrations  are  given  below  of  the  order  at  result  obtained  when  this 
prooeduie  is  used  to  derive  alignment  requirements. 

3.1  Alignment  Accuracy  Requirements  for  a  Strategic  Bo^r/VAssile  Carrier 

A  boilMr  intended  to  launch  an  air  to  surface  mimsile  would  noaraally 
use  the  following  equipnents:- 

(a)  A  search  radar  for  fixing. 

(b)  A  compass  or  beading  reference  system. 

(0)  A  doppler  radar. 

The  wespon  ^stem  designer  would  be  expected  to  quote  tbs  accuracy 
required  of  each  s\ib-systea.  For  example  these  might  be  of  tbs  order  of 
1  fix  ft.  acoeptable  oiroular  radar  fixing  error,  C.3  heading  error  and 
0.2**  pemlsaible  dopelar  error.  The  allgsaent  oceurmey  required  for  each 
of  these  equipaants  (in  order  that  the  aisaligifent  between  the  missils  and 
its  iaformation  sources  was  not  a  significant  factor)  would  be  of  the  order  of 

(a)  Radar  scanner 

(b)  Beading  reference  0.1°. 

(e)  Dopplmr  aerial  slightly  less  than  0.1°. 
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3.2  Alignment  Accuracy  Require nenta  for  a  Tactical  StrUce  Aircraft 

For  a  tactical  strike  aircraft  (e.g,  Canberra,  Buccaneer)  required  to 
obtain  a  hypothetical  C,:^.P.  of,  say,  1 ,500  ft.  The  equipments  which  mi^t  be 
involved  and  their  associated  alignment  tolerances  could  be;- 

(a)  A  search  radar  in  each  axis) 

(b)  {^o  platform  (-5°  in  each  axis) 

(0)  Visual  attack  sight  (0.8*^  in  each  axis). 

3.3  Vertical  Alignaent  in  Military  Aircraft 

In  the  past  there  has  been  less  need  for  alignment  in  the  vertical 
but  present  fighter  aircraft  and  future  strike  aircraft  require  accurate 
vertical  alignment  for  the  measurement  of  elevation  angles,  vertical 
acoeleration,  and  accurate  radar  ranging. 

3J^  ALiimment  Requirements  for  CivilAilitary  Transport  Airoraft 

The  accuracy  requirements  for  route-flying  aircraft  are  less  stringent 
than  for  offenalve  aircraft  (except  in  Terminal  Areas  where  accurate  fixing 
aids  are  available).  Since  it  may  be  asstnaed  that  the  rate  of  fixing  position 
will  be  practically  constant  the  alignment  aeouracy  required  will  be  a  function 
of  speed.  If  position  is  required  to  be  maintained  within,  say,  5  nautical  miles 
of  track  and  t  he  fixing  rate  is  once  every  half  hour  then  the  eoAlned  error 
of  heading  and  drift  should  not  exceed  an  angle  the  tangent  of  which  is  5  miles 
divided  by  the  distance  covered  in  30  mins.  Therefore  the  mdsalignmant  of 
coapass  (or  platform)  and  doppler  should  not  have  a  r.s.s.  which  is  aignlfloant 
coapared  with  the  overall  track  error.  A  table  showing  typical  values  for 
various  cruising  speeds  is  given  in  Table  1  below;- 


Cruising  Speed 

.  j.  m  1  Suggeeted  r.s.s.  of 

^*’*®*'  i  Heading  and  Drift 

1  r.iseUgnnent 

Aooeptable  Misalignment 
of  esoh  Equipment 

520  kts. 
(Boeing  707) 

; 

66  arc  mins  (1.1°)'  22  mins 

16  nine 

Maoh  2 

30  ere  mins  ( .3*’)  I  IO  mins 

7  mins 

Meoh  3 

20  arc  mins  ( . 33  ) '  7  mins 

5  Bins 

Table  1  -  Alignment  Bequirements  for  High  Speed  Transport  Aircraft 

It  will  be  seen  from  the  above  table  that  for  siperscnlo  transport 
airoraft  at  speeds  of  Mach  2  to  3  (e.g.  the  Concord)  equlpaents  will  need  to  be 
aligned  to  about  6  arc  minutes,  a  target  that  is  being  used  for  ths  alignasnt 
of  equipments  on  the  present  generation  of  mllitaxy  airoraft. 

3.5  The  Allfp— "*  '^nertial  Platforms  with  Associated  r.Quip—nta 

Provided  that  an  inertial  platfox*  is  initially  aligned  with  respect 
to  terrestial  a»s  there  is  no  need  for  its  alignasnt  with  the  airoraft  datun. 

If  doppler,  search  radar  or  astro  iafomation  is  to  be  fed  to  the  platfom 
oo^nrter,  however,  these  equipments  and  the  platform  must  be  aligned  to  a  eoamon 
datun;  tbs  airoraft  datum  is  the  usual,  though  not  an  essential,  ehoise. 

The  accuracy  with  which  these  aquipnints  tse  sllgnsl  depends  on  ths 
C.S.F.  Moulred.  Given  a  5  eile  C.V.F.  over  2,500  nllee  and  e  500  yards  radar 
fixing  rsculrsasnt  the  radar  nuat  be  aligned  to  about  ^  and,  aeauning  aiaple 

/dopplnr  ... 


I 


-  6  - 


doppler/laertlal  mixing  ( or  no  accurate  fixing  source  is  available) ,  the 
platforn/doppler  alignment  should  be  better  than  2  arc  minutes. 

3.6  Sneclfioation  of  Ali/mment  Hequlrements 

Alignment  requirements,  in  common  with  mary  other  weapon  studies,  are 
based  upon  the  C.l'.F.  required  and  accuracy  figures  are  stated  at  various 
probability  levels.  When  an  alignment  requirements  is  stated  formally  in  a 
speolfloatlon  a  pass  or  fall  figure  must  be  given.  The  ouandary  is  to  decide 
which  level  to  use.  It  is  probably  best  to  specify  the  1  o'  level  as  a  pass/fail 
limit.  This  seems  to  be  the  only  way,  although  an  expensive  one,  of  ensuring 
that  at  least  6^:  of  the  saiple  are  better  than  the  icr  required,  the  2cror  3cr 
levels  being  usable  only  if  one  can  guarantee  a  Normal  Distribution  of  errors 
with  a  fixed  percentage  of  rejects. 

U .  Methods  af  Alienment  and  Determining  Misalignment 

The  most  oommoo  amthod  of  aligning  equipments  and  projectiles  in  current 
service  use  is  by  jigging.  This  is  satisfactory  for  units  mounted  within  the 
main  section  of  an  airora^  fuselage  but  the  further  the  unit  is  mounted  away 
from  the  aircraft's  siain  datum  the  more  questionable  this  technique  becoses. 

At  best  jigging  can  probably  be  relied  upon  for  alignments  to  within  3~6  minutes 
at  arc  but  it  would  depend  on  the  aircraft  in  q\'estlon.  Sven  if  jigging  nay 
be  relied  upon  for  initial  installation  it  is  felt  that  provision  should  be 
made  for  oheoklng  the  alignment  of  units  from  time  to  tine.  The  question  then 
aidses  at  how  alignment  should  be  checked  in  service. 

A.1  Methods  of  Chebkina  Alignment 

Methods  of  checking  alignment  can  be  divided  into  three  main  classes 

(a)  Physical  Measurement 

The  most  straightforward  method  of  checking  the  aligjiment  of 
units,  with  respect  to  the  aircraft  oentre>llne  or  cdoe  to  another, 
is  to  take  aeasureBmnts  between  siqtpoaedly  parallel  axes  at  right 
angles  to  them  as  Illustrated  in  figure  i .  A  jig  or  set  at  jigs  4'* 
the  most  common  way  of  using  this  method.  Jigs  are  Satlsfaotoiy  for  ’ 
units  grouped  closely  about  the  airoraft  datum  but  would  be  euri>ersome 
and  Inaoourate  for  units  widely  spaced.  An  additional  problem  posed 
is  the  provision  of  a  means  of  chebking  the  Jigs  themselves,  since 
they  are  seldom  treated  with  adequate  respect. 

(b)  Mechanical  Methods 

A  datum  gyx*o  (or  a  compass)  may  be  used  to  determine  the 
relative  or  true  bearings  of  the  main  axes  of  each  item  of  equipment. 
The  difference  in  bearing  between  equipments  gives  their  relrtlve 
misalignment.  The  use  of  a  compass  would  be  somewhat  restrloted  by 
change  of  dsviation  within  the  airoraft  and  by  local  anomalies  of 
variatioa(a  aagnstically  "clean”  ooiQiass  base  has  constant  variation 
to  better  than  6  arc  minutes,  but  "clean"  co^ass  bases  are  a  rarity 
at  civil  aizfields).  The  dsterminstlon  of  vertical  alignment  using 
magnetic  means  would  be  inaccurate. 

(o)  Ogt^o^^ajJ^Jiet^gds 

Autooollimmtioa  oan  be  used  in  oertaia  oases  to  align  equtpasnts 
to  each  other  or  to  a  oommon  alignment  datum.  Altemativsly,  a 
theodolite  (or  if  money  is  no  dbjeot,  a  radio  theodolite)  may  be  used 
to  detemLne  the  relative,  or  true,  bearing  of  the  main  axes  of  each 
equipment  and  a  oomparison  of  the  bearings  will  show  their  nisallgnasnt 
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one  to  another.  An  optical  method  can  be  made  quite  simple  and.  quick 
to  use  if  each  equipment  haa  a  datum  reflecting  surface  mounted  on  it, 
although  oare  must  be  taken,  vhen  directional  aerials  are  used,  to 
ensure  that  x^flectors  are  truly  aligned  with  aerial  reidlatlon 

pattesms.  fhe  axes  of  each  equipment  would  thus  be  established  in 
azimuth  and  in  the  vertical,  although  a  levelled  aircraft  standing 
on  a  level  base  would  be  necessary  for  the  checking  of  vertical 
alignment  by  theodolite. 

The  use  of  a  theodolite  to  measure  the  relative  bearing  of  each 
equipment  from  a  distant  object  has  already  been  recommended  by 
A.  "  A.E.B.  for  determining  the  misalignment  of  equipments  situated 
remote  from  the  aircraft  centre-line.  Flguie  2  Illustrates  this 
technique  which  Is  fairly  accurate  in  azimuth,  but  is  difficult  to 
use  tor  determining  vertical  mlsalignisent. 

4.2  Future  Trends  in  .Qlanment  Bouipment 

To  determine  equipment  alignment  accurately  in  two  planes,  azimuth 
and  the  vertical,  it  is  ^It  that  the  fastest  and  most  practicable  method 
ctirrently  available  is  a  transfer  gyro  or  platform.  The  transfer  platform  can 
give  quick  readings  in  elevation  and  sizinuth  and  can  be  made  as  accurate  as  the 
aircraft  platform.  It  nay  also  be  used,  of  course,  for  initial  alignment  of  the 
aircraft  platform  at  the  saw  time.  A.  '  A.r.B.  are  at  present  investigating 
the  possibility  of  developing  a  transfer  platform  capable  of  aligning  airoraft 
platfoams  with  respect  to  earth  axes  snd  sOLso  capable  of  determining  the 
misalignment  between  several  equipments  mounted  on  an  airoraft  or  mtsslle.  It 
is  envisaged  that  this  equipment  would  cosprlse  a  high  quality  gyro  (with  three 
ajsBs  at  freedom)  complete  with  self  contained  power  s(g>plies.  Zaoh  squipment, 
and  the  airoraft  itself,  would  have  a  pair  of  polished  stainless  steel  flats 
at  rii^t  angles  to  each  other.  A  pair  of  mating  surfaces  would  be  mounted  on 
the  gyro  unit  which  could  then  be  offered  ip  to  each  equlpaent  in  turn. 
Alternatively  a  single  reflecting  surface  on  the  inner  gyiibal  of  a  platform 
could  be  used  in  an  autocolllmatlon  system  using  a  telescope  rigidly  mounted  on 
the  transfer  platform.  Since  a  single  mirror  can  show  movement  about  three 
orthogonal  ans,  not  only  could  this  becoce  a  very  quick  system  but  it  is  Ideal 
for  determining  the  ndsalignment  of  Inaccessible  units. 

To  use  the  transfer  platform  to  determine  the  misalignment  between 
several  items  of  equipment  the  platform  should  be  aligned  initially  to  the 
main  airoraft  axes.  It  sbo'Jld  then  be  offered  u'  to  each  missile,  or  piece  of 
navigation  equipment,  in  t\um,  so  that  the  misalignment  of  each  equipment  can 
be  determined.  Since  the  platform  was  initially  aligned  to  the  airoraft,  the 
mlsallgnaent  will  hare  been  neas\u<ed  in  aircraft  pitch,  roll  and  yam  axes. 

This  misalignment  oan  then  be  removed  by  rotatii%  the  equl-vment,  with  respect 
to  its  mounting,  by  the  ipprqprlate  amount.  Alternatively  a  note  of  tbs 
misallgnasnt  can  be  made  within  the  aircraft  ooapubers. 

For  the  ti>ansfer  platfoni  to  be  used  to  determine  the  misalignment 
between  equipments  on  a  naval  airoraft  on  a  carrier,  the  method  is  hasioally 
similar  to  that  used  on  land.  It  will  be  necessary,  however,  to  provide 
indioatlons  of  ohai^  of  airoraft  pitch,  roll  and  yarn  oaused  by  ship's  notion 
between  tbs  instant  tba  transfer  platform  is  aligned  to  tbe  airoraft  and  tbe 
inetant  that  eaoh  equipment  is  monitored.  These  outputs  could  be  dbtained 
si^>ly  and  aoourately  ftom  tbe  airoraft  or  transfer  platform  and  with  sons 
diffio\d.^  with  S.I.*',3.  A  sohematio  diagram  of  tbe  use  of  the  transfer 
platform  at  sea  is  shown  at  Figure  }. 

The  transfer  gyro  or  platform  proposed  for  obsoking  the  alignment  of 
svfc-ayotems  oan  also  be  used,  of  course,  for  the  prs-flight  alignment  of 
airoraft  platforms.  To  do  this  on  land  tbs  transfer  eculpmt  would  first  be 
aligned  with  raspeot  to  earth  axes.  This  oan  be  dsns  usiat  *  aurvaywd  datum 
(on  a  penaaant  airfield)  or  by  internal  gyro-oompatsing  (pamaasrt  or  taaqporoxy 
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airfields) .  Kerliig  aligned  the  transfer  platform,  it  can  be  taken  to  several 
aircraft  in  turn  (see  Figure  u)  and  the  aircraft  platforms  can  each  be  aligned 
to  it  either  by  synchro  matching  or  velocity  matching  technloues.  Since  the 
transfer  can  take  place  at  any  point  on  an  airfield  there  would  be  no  neoessllQr 
for  an  aircraft  to  be  token  to  a  particular  part  of  an  airfield  for  pre-flight 
alignment.  The  transfer  of  information  being  a  rapid  process  (i  minute  or  so) 
there  would  be  little  Interference  with  operations.  At  sea  the  pre-flight 
alignment  is  Just  as  simple  as  on  land.  The  datum  to  which  the  transfer  equip¬ 
ment  is  aligned,  however,  is  more  difficult  to  provide.  The  transfer 
platform  can  be  aligned  to  each  axis  by  astro  (if  position  and  tins  are 
aoourately  known),  by  gyro  compassing  if  inputs  of  ship's  rate  are  available 
or  by  alignment  to  the  ship's  platform  if  acctjrate  enough.  (Pre-f light  alignment 
at  sea  is  also  illustrated  in  Figure  3) . 

4-. 3  Some  Problems  Associated  with  Alignment  Methods 

Some  of  the  problems  associated  with  alignment  in  general  and  the 
disadvantages  at  'ttie  various  methods  suggested  above  are:- 

(a)  Aoeessibilitv 

Soma  equLpmenta  on  which  the  alignment  should  be  cheeked  are 
veiy  inaccessible  although  the  autooollimatlotv/transfer  gyro  method 
should  overcome  this. 

(b)  Aljjtnisent  Afloat 

The  space  available  for  servicing,  particularly  hangar  space, 
la  severely  limited  on  an  alroraft  carrier  thus  precluding  the  use 
of  large  jigs.  The  instability  of  the  carrier  would  make  the  use  at 
a  transfer  gyro  method  more  difficult  bxit  certainly  not  Impossible. 

For  units  situated  close  together  autooolllmatlon  nay  well  be  the 
best  solution. 


( o)  Equipment  Serviclnn 

It  is  felt  that  whenever  e  unit  requiring  accurate  alignment 
is  removed  during  servicing  the  alignment  should  be  subsequently 
checked.  It  is  a  requirement  for  some  service  and  civil  aircraft 
that  equipments  should  not  require  alignment  after  leplaoement,  all 
similar  uiits  being  interchangeable,  but  this  is  felt  to  be  rather 
optimistic,  where  stringent  alignment  tolerances  are  laid  down. 

(d)  limitations  of  Jjjts 

Apart  from  the  limiting  accuracy  of  jigs  stated  above,  they  are 
tbou^it  to  be  too  slow  and  cumbersome.  Neither  do  Jigs  and  sighting 
rods  receive  the  respect  they  deserve  in  service. 

(e)  Limitation  of  the  Theodolite  Itelabive  Bearing  Method 

The  relative  bearing  method  outlined  earlier  is  not  really 
suitable  for  aligning  equipments  in  three  axes  although  it  is  a  quick 
and  reliable  method  of  determining  alsalignaent  in  asimsith. 


(f)  MmltatloM  rf  a 


A  datum  magnetio  compass  would  be  limited  to  something  worse  than 
0.1  and  oould  only  be  used  in  "elman”  magnetio  enviroamsi^  whioh 
would  exoluds  many  alroraft  ourrently  in  servloe. 


A  A  Beoommended  Allmn»nt  Methods  for  Current  and  Future  Alroraft 

For  ooLTent  allitaiy  aircraft  and  equipaenta  requiring  moderately 
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accurate  allgnaent  (6  arc  minutea  or  more)  jigging  and  checking  by  jig  la 
reeoflaended  If  the  equipments  are  suitably  situated.  vThere  the  use  of  a  jig 
for  checking  alignment  is  unsuitable,  optical  metl.ods  ( autocoUimatlon  or 
theodolite)  are  recommended.  ?or  aircraft  using  lnei*tlal  platforms  requiring 
datum  alignment  the  use  of  a  transfer  platform  for  this  anr^  checking  the 
alignsent  of  other  equipments  is  recommended.  The  problem  of  stability  and 
space  on  board  ship  might  limit  alignment  checks  to  periods  when  the  carrier 
is  in  harbour  unless  the  transfer  platform  method  is  used. 

Current  civil  aircraft  systems  can  tolerate  an  alignment  error  of 
or  worse  end  it  is  therefore  considered  adequate  to  rely  on  manif aoturers ' 
jigging.  In  future  aircraft,  however,  vrtiere  inertial  systems  are  used  it  is 
felt  that  fas  Table  ^  shows)  improved  methods  of  alignment  will  be  required. 
Optical  methods  will  probably  be  more  attractive  to  the  financial  resources  of 
airline  operators.  A  theodolite  could  he  used  quite  easily  to  dstermlns 
misalignment  between  equipments  and  could  conceivably  be  used  for  datum 
alignment  of  the  platform.  This  would  be  a  slow  nrocess,  however,  requiring 
accurate  positioning  of  the  aircraft.  If  speed  and  flexibility  are  required  the 
use  of  a  transfer  gyro  will  probably  be  the  only  answer. 

A. 5  Alignment  Datun 

for  most  aircraft  the  alignment  datum  used  is  the  geometric  centre¬ 
line  as  laid  down  during  aircraft  isanuf acture .  This  datum  is  assumed  to 
coinciis  with  the  flight  centre-line  although  few  aircraft  manufactureT^  will 
guarantee  this,  for  some  aircraft  the  main  cross-sectional  nearer  of  the  nose 
section'  (which  bears  the  main  radar)  is  used  as  the  aiain  datum  and  all  sub- 
aysteas  are  related  to  this,  for  line  of  sight  aiming  this  is  satisfactory  but 
it  is  surgued  that  for  computed  manoeuvres,  113ce  t-.A.B.S.,  account  must  be  taJeen 
of  the  difference  'between  the  geometric  centre-line  and  the  fll^t  centre-line 
including  the  effects  on  this  of  changes  at  all  up  weight,  speed  and  attitude 
during  flight,  '^'t  is  suggested  that  for  future  aircraft  luivlgatlon  and  weapon 
systems  the  most  logical  datum  would  be  either  the  aircraft  inertial  platform 
which  would  effectively  align  equipments  to  the  ground  veloci'ty  vector  or,  if 
applicable,  the  datum  of  the  missile  carried  which  would  represent  aligning  all 
information  sources  to  the  point  of  ultimate  use. 

5.  further  Sources  of  Error  In  Navigation  Systeme 

Apart  from  the  basic  misalignment  problem  and  the  inherent  errors  of  the 
equipments  coBq>ri8ing  a  navigation  system,  there  are  further  sources  of  error 
between  the  basic  input  and  the  final  data  irtiich  is  fed  to  the  computing  element 
of  the  system.  Some  of  these  a'^  discussed  in  the  following  paragraphs. 

5.1  idrer^t^^ehaviow 

An  aircraft  is  nonmolly  rega-'ded  as  a  stinicture  that  maintains  its 
shape  during  fll^t  and,  as  isentioned  earlier  in  this  paper,  one  that  flies 
along  its  geoiaetzi.c  centre-line.  These  assujqrtioas  in  themselves  give  two 
sources  of  error:- 

(a)  Aircraft  flexure 

In  flight,  aircraft  flex  in  all  three  axes  sad  do  not  slwiQrs 
return  to  precisely  their  basic  shape.  To  minimise  this  effect 
all  navigation  eoulpment  sensors  (e.g.  radar  serials,  dopplers, 
astro-trackers,  visual  si|^ts  and  inertial  platforms)  should  bo 
grouped  toget  er,  preferably  at  tb-  Centre  of  Cravity, 

(b)  Heavy  Lrndings 

The  strains  applied  to  an  aircraft  structure  during  catapulted 
take-offs  and  deck  landings,  on  carriers,  and  heavy  landings  on 
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firm  ground  may  well  cause  an  accurate  alignment  to  be  degraded. 

The  magnitude  of  these  two  effects  can  be  expected  to  vary  in 
proportion  with  the  distance  between  aligned  equipnents. 

5.2  Transmission  Problems 

The  accuracy  with  which  data  is  transmitted  from  source  to  user  is 
affected  byt- 

(a)  Synchromotor  accuracy. 

’  (b)  Power  supnly  quality. 

5.3  Mounting  ^giditv 

Since  many  equipment, q  are  on  anti-vibration  mounts  it  is  necessary 
that  these  mounts  be  free  of  lateral  play  in  order  that  equipments  are  only 
free  to  move  in  one  plane,  so  that  movement  is  parallel  to  the  aircraft's 
main  axes  without  tilting  or  slewing. 

5.4.  Corrections  for  Aircraft  Behaviour  and  Transmission  Errors 

Since  errors  caused  by  aircraft  flexure,  power  supply  fluctuations  and 
synchro  errors  cannot  be  eliminated,  but  can  be  measured,  it  is  necessai7/  that 
account  of  these  effect.'i  be  taken  within  navigation  and  weapon  computers. 

6.  Conclusions 

It  is  suggested  that  a  two  uart  approach  la  necessary  to  future  woric  on 
the  alignment  of  eculpments.  Firstly  during  the  earlv  stages  in  conception  of 
an  aircraft,  or  mapon  system,  an  overall  method  of  alignment  mus  be  formulated, 
so  that  all  units  are  aligned  by  a  common  method,  to  a  common  datum  and  so  that 
adequate  provision  is  made  for  the  alignment  of  the  sensing  elemsnt  of  a  unit 
rather  than  its  oase.  Secondly  it  is  felt  that  work  should  eommenoe  as  soon  as 
possible  on  the  determination  of  a  standardised  ql.'.gnment  technique  for  use  on 
all  future  systems.  Investigations  in  this  direction  have  alrea^  started 
within  Experimental  Navigation  Division,  A.  '  A.^.d. 

The  transfer  platform  method  of  alignsent  out^ned  in  this  paper  is 
thought  to  provide  the  greatest  development  potential  for  the  initial  alignment 
of  platforms,  the  alignment  of  equipments  to  a  common  datuE  and  the  correction 
of  bias  errors  in  syx>chro  transmission  loops. 

It  is  hoped  that  a  development  programme  will  soon  be  started  to  examine 
the  qualities  and  capabilities  of  transfer  gyros/platforms  in  isolation,  and 
in  aasociatlon  with  autocollimatlon  methods,  with  a  view  to  developing  a 
standardised  technique  qjtd  ecuipment  for  the  alignaent  of  siAt-systems. 

Only  in  this  way  can  the  existing  multiplicity  of  alignasnt  msthods.  Jigs  and 
other  devices  be  reduced. 
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